Abstract. In this paper, the aerodynamic and acoustic performances of an aerial propeller are evaluated. In the aerodynamic analysis, the RANS (Reynolds-averaged Navier-Stokes) method combined with CFD (Computational Fluid Dynamics) technique is used. The acoustic analysis is based on Farassat 1A which derived from FW-H (Ffowcs Williams-Hawkings) equation. The pressure of the aerodynamic analysis is given as the input of the acoustic calculation. The acoustic analysis also draws some meaningful conclusions.
Introduction
Aerial propeller is an aircraft instrument which can transform the power of the aerial engine into thrust. With the outbreak of the oil crisis in the Middle East in 1970s, aerial propeller comes to play a more and more important role in regional aircraft, general aviation and especially UAV (Unmanned Aerial Vehicle). Aerial propeller owns good performance at subsonic speed, as well as supersonic with supercritical aerofoil.
One critical problem of aerial propeller propulsion system is noise and vibration, comparing with jet propulsion system. Aerial propeller noise not only affects the surrounding environment, but also increases the structural vibration and acoustic fatigue, thereby reducing safety of aircraft.
Aerial propeller noise prediction method includes two processes: obtaining aerial propeller aerodynamic performance and calculating sound radiation by setting the blades surface pressure distribution as acoustic source. This approach has been widely adopted in calculating the noise of rotor [1, 2] , axial fan [3] and marine propeller [4] [5] [6] [7] [8] . Also splendid results have been achieved. However, at aerial propeller calculation area, this hybrid method is barely used.
In this article, RANS method and Lighthill's acoustic analogy are used to predict the noise of aerial propeller. Firstly, a method of CFD technique based on MRF (Moving Reference Frame) is applied here to investigate the aerodynamic performance of the propeller. Then, radiated noise of aerial propeller is predicted through solving FW-H equation. Results of aerodynamic performance from simulation and experiments are compared to ensure the accuracy. And several useful conclusions have been made.
Governing Equations

Aerodynamic.
The RANS (Reynolds-averaged Navier-Stokes) in rotating coordinate system is adopted here to calculate the flow filed.
;  is density of the fluid,
, is velocity components of fluid, E is internal energy of unit fluid, is the load noise.
Numerical Simulation
The geometric data and geometric model of aerial propeller we explored is showed below. Fig. 1 Geometric model of aerial propeller The computational domain is divided into two regions: independent rotational domain for model and outer stationary domain for flow. Using a cylinder, with its diameter of D ( D denotes the diameter of the propeller) and length of propeller's height, divided the solution domain into rotating part and static part. In rotating domain, the grid is unstructured tetrahedral volume as well as refined (shown in Fig.2) , whereas far-field blocks consist of structured hexahedra (shown in Fig.2 ).
Fig. 2 Grid of aerial propeller
The flow simulation is carried out by using solution technique implemented in ANSYS Fluent, based on the RANS equations. The selected boundary conditions are: velocity-inlet for inlet zone, outlet-vent for outlet zone, wall on aerial propeller, and matching interfaces for message exchange between two domains. The calculation is carried on (Standard, Realizable) turbulence model. The SIMPLEC discretization schemes are used to discretize the equations of pressure-velocity coupling. Time-step is assembled with the period of aerial propeller. The contours indicate that the pressure at leading edge of the blade is higher than the trailing edge's, whereas the velocity distribution of propeller is at symmetric state.
The acoustic analysis and calculation are showed as follows. The main component of propeller noise is rotation noise. Rotation noise consists of thickness noise caused by monopole source and load noise caused by dipole source. The sound pressure is expressed as dB (decibels) while predicted SPLs (Sound Pressure Levels) is given by:
Predicted pressure is given by p P . Reference pressure is given by r P and equals to 2×10-5Pa. The thickness noise of aerial propeller shows obvious characteristics of monopole sound source. And the load noise shows obvious characteristics of dipole sound source. As the rotational speed goes up, the thickness noise and the load noise both increase. But the increase of load noise is lower than thickness noise's. With the increase of the observe distance, the thickness noise and the load noise both reduced dramatically.
Conclusion
The CFD method based on MRF model is used here to investigate aerodynamic performance. We can confirm that CFD method in pre-calculation is rather desirable.
Using Farassat 1A based on FW-H equation can predict the propeller noise effectively. Though the analysis of noise, it can be found that noise of the propeller increases as rotary speed raises. And in the noise of propeller, thickness noise accounts for a major proportion. Thickness noise is mainly influenced by aerodynamic shape of the propeller, which has mentioned above.
From the directivity of SPLs, we can ensure that the thickness noise is higher than load noise, which indicating that thickness noise occupies a dominant position in propeller noise.
